SUMMARY : Four strains of Staphylococcus aureus (coagulase-positive) were each subjected to three or more series of transfers on penicillin ditch plates. The plates were examined for colonial variants and four quite distinct types of penicillinresistant variant, one of which was penicillin-dependent, were isolated. These types often occurred in association, and sometimes as many as three were isolated from a single culture plate. The main characteristics of the different types are described.
Penicillin. Crystalline penicillin G (Glaxo) was used throughout. Passage in the presence of penicillin. The four strains were serially transferred on penicillin ditch plates. The medium used consisted of 1 yo 'LabLemco', 1 % peptone, 0.5 % NaCl and 2 yo Bacto shred agar. Ditches were cut a t one side of the plate and filled with the same medium containing a t first 10 and later 1 0 0~. penicillin/ml. The ditch plates were stored at room temperature for 24 hr. before use, and subcultures made from the edge of growth nearest to the ditch at 4-to 7-day intervals. Each strain was subjected to three or more such series of transfers.
Sensitivity to penicillin of the parent and variant cultures was estimated by the serial dilution method in 'Lab-Lemco' broth. All the parent cultures were sensitive to from 0.05 to O-Olu./ml.
Penicillinase production was measured by the cylinder plate method. Young broth cultures of the variants to be tested were mixed with equal quantities of penicillin dissolved in distilled water to give final concentrations of 1-5 u. penicillin/ml. The mixtures were incubated a t 37" for 2-24 hr. before transferring to the cylinders.
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Inactivation of penicillin. (1) With penicillinase : preparation of penicillinase (Burroughs Wellcome), 1 ml. of which inactivated 100,000~. of penicillin, was used; 0.1 ml. was added to 1 0 0 0~. of penicillin in 10 ml. distilled water and the mixture left to stand a t room temperature for some hours before use.
(2) Acid treatment. Ten ml. 0.01 N-HC~ (pH 2.0) was added to an ampoule containing 100,000~. penicillin and the mixture kept a t 37" for 3-6 hr. Tests were carried out with the equivalent of lu./ml. penicillin in nutrient agar; at this dilution the acid did not affect the p H of the medium.
RESULTS
Four quite distinct types of penicillin-resistant variant were encountered ; they often occurred in association and sometimes as many as three were isolated from a single culture plate. Types 1 and 2 were the most frequently isolated, but, since they grew more luxuriantly than types 3 and 4, this does not necessarily mean that they occurred with greater frequency. An attempt was not made to measure the actual frequency of the variants. Type 1 variant. This type of variant was isolated from all four strains of Staph. atweus and tended to overgrow other types. Its main characteristics are illustrated in P1. 1, fig. 1 . It will be seen that the variant gives typical staphylococcal growth over that part of the plate permitting growth of the parent culture; over the rest of the plate, including the penicillin ditch, growth also occurs, but is less luxuriant and semi-transparent. Gram films taken from opposite halves of the plate also showed a difference. The organisms growing some distance away from the penicillin appeared to be typical staphylococci with a fairly uniform appearance, whereas the organisms growing in the neighbourhood of the penicillin ditch showed gross variations in size and staining, with many large swollen and deeply Gram-positive cells. When subcultures were made on to fresh ditch plates, the same picture resulted, irrespective of which part of the plate the subculture came from.
This type of variant appeared to develop resistance to penicillin gradually and continuously with each transfer, until a culture able to grow in 100u./ml. or more was obtained. With strain M12, after five transfers a variant of this type appeared which grew to the edge of a ditch containing 10u./ml., after ten transfers the variant grew right across such a ditch, and after twenty transfers the variant grew right across a ditch containing 100u./ml. Intermediate degrees of resistance were seen a t intervening periods. When such a penicillin-resistant variant was serially transferred in broth without penicillin there was a similarly gradual decrease in resistance, until the culture became as sensitive to penicillin as the parent, Type 2 variant. Variants of this type occurred very frequently in association with those of type 1. They differed from the latter in that they grew uniformly right across penicillin ditch plates. The degree of growth was variable, but it was usually less luxuriant than that of the parent strains. Gram films showed organisms which were fairly regular in size, shape and staining, but some swollen deeply Gram-positive cells were usually present. Two variants of type 2 are seen in P1. 1, fig. 2 , and variants of types 1 and 2 isolated from a single culture plate are shown in P1. 1, fig. 3 . Type 2 variants were isolated from strains D14, STHlO and M12. Their origin, degree of resistance and stability were similar to those of type 1.
Type 3 variant. These are small colony variants resembling g forms. They showed a slight or moderate increase in resistance to penicillin, which was not increased by further passage in the presence of the antibiotic or decreased by transfer in its absence. This type of variant appeared in a single stage, suggesting a one-step mutation. The variant of this type seen in P1. 1, fig. 4 , was able to grow in a concentration of penicillin sixteen times that which permitted growth of the parent culture. I n Gram films of this variant most of the organisms were typical staphylococci, but a few elongated cocci were seen.
Type 4 variant. These variants were found to be penicillin-dependent ; maximum growth occurred in the presence of 0.05-1.0~. penicillin/ml., i.e. about the minimum concentration of penicillin which inhibited the parent cultures. Even in the presence of the optimum concentration of penicillin growth was feeble and on solid medium the colonies were pin-point and semitransparent. A typical example is shown by itself in P1. 2, fig. 5 , and mixed with the parent culture in P1. 2, fig. 6 . In the latter picture it will be seen that there is a slight gap, containing ghost-like colonies only, between the growths of the parent and variant strains. Gram films of this variant showed a moderate amount of variation in morphology and staining of the cells and some large deeply Gram-positive cocci. This type of variant was isolated only from strains D14 and M109. In some experiments with these strains, after ten to twenty-five transfers on penicillin ditch plates, all or nearly all the surviving staphylococci appeared to be penicillin-dependent (see P1. 2, fig. 7) . In other experiments variants of this type were selected from plates showing a variety of penicillin-resistant types. P1.2, fig. 8 , shows variants of types 1 and 4 selected from a single culture plate. The penicillin-dependent variants were extremely unstable, and even in the presence of penicillin tended to yield colonies resembling the parent culture or type 1 variants. Intermediate colonies were not isolated.
Experiments were carried out to determine whether these variants would grow when penicillin was replaced by inactivated preparations. For this, plates were prepared with nutrient agar (1) without addition, (2) + 1 u. penicillin/ml., (3) + 1 u. penicillin/ml. inactivated with penicillinase, and (4) + 1 u. penicillinlml. inactivated by acid. The results of such an experiment are shown in P1. 3, fig. 9 . The plates were heavily seeded on one half with the parent strains, and on the other half with the penicillin-dependent variant. It will be seen that, apart from the site of heavy inoculum, the variant only grew on the plate containing active penicillin, whereas the parent culture did not grow on this plate, but grew on the other three.
Penicillinuse production
Cultures from all four strains were tested for their capacity to produce penicillinase after eight, ten and seventy-five transfers on penicillin ditch plates. Significant destruction of penicillin was not detected. The method GMVIII I a employed, however, was not sufficiently sensitive to detect the destruction of very small amounts, such as may have been utilized by the penicillindependent variants.
DISCUSSION
It is clear from these experiments that penicillin-resistant staphylococcal variants may be of many different kinds. Four have been described here, and as many as three were derived from a single strain. Thus mathematical studies, seeking merely to enumerate the cells in a given population able to grow in a given concentration of penicillin, may well be misleading, and can only be used with reserve as a guide to the genetical behaviour of bacteria. Dogmatic statements cannot be made about the mode of origin of the four types of variant here described. I n types 3 and 4, the suddenness of appearance and lack of intermediate types suggests that these variants are mutants. The characteristics of type 1 variants, however, suggest a different mode of origin. With these variants increase in resistance to penicillin occurs gradually, resembling the type of penicillin-resistant staphylococcal variants described by Hughes (1952). Further, these variants lose their increased resistance to penicillin in a gradual fashion when cultivated in the absence of the antibiotic. Both the gain and loss in resistance appear to be a slow continuous change. These features might be compatible with step-wise mutation described by Demerec (1948) but in that case, as Hughes (1952) points out, the number of steps must be very great. Change of an adaptive nature would, therefore, seem a more probable explanation for the emergence of this type of variant.
Nearly all the penicillin-resistant strains of Staph. aureus isolated from infective processes are resistant because they produce penicillinase (see Barber, 1949) . This type of resistant variant was not encountered in these experiments. Most other investigators have also found that penicillin-resistance acquired by staphylococci in vitro is not associated with penicillinase production. Bellamy & Klimek (1948) describe a strain trained in vitro to grow in 4 mg. penicillin/ml., which produced small amounts of penicillinase, but only in the presence of penicillin. This strain, however, unlike the penicillin-destroying strains so frequently isolated in vuivo, had lost many of the properties of a typical staphylococcus. It is unlikely that any of the penicillin-resistant variants here described would be of importance in clinical practice since they would readily be overgrown by typical penicillin-sensitive strains. 
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